The Retzius neuron from the leech, growing in culture on the plant lectin concanavalin A as substrate, produces broad flat growth cones and thick bundles of processes. The same cell extends rme straight processes with numerous branches when grown on a lanminin-like substrate extracted from leech central nervous system extracellular matrix, referred to as "leech laminin extract." Cells growing on these two different substrates also show marked differences in the pattern of Ca2" entry following evoked impulses, as detected optically by local changes in absorbance of the Ca2 -sensitive dye arsenazo m. Ca2+ enters the soma and initial segment of Retzius cells grown on both substrates. However, detectable Ca2+ entry only occurs into the processes of cells growing on leech laminin but not of those growing on concanavalin A. Optical recordings of changes in membrane potential made with the voltage-sensitive dye RH 155 taken from cells growing on either substrate indicate that a depolarization initiated in the soma spreads to the most distant processes with little or no distortion in amplitude or time course. This implies that all voltage-sensitive Ca2+ channels in the cell membrane are equally activated by depolarizing stimuli. Therefore, the fact that impulses evoke Ca2+ entry into processes of Retzius cells grown on leech laminin extract but not of cells grown on concanavalin A shows that the nature of the growth substrate can affect the number and distribution of their functional Ca2+ channels.
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Leech neurons of known function maintained in tissue culture survive for prolonged periods, retain their cell membrane properties, and form synapses with appropriate targets (1, 2) . The extent of neurite outgrowth, the neurite branching pattern, and the shape of the growth cones are markedly dependent on the growth substrate. Neurons that grow only slowly on polylysine sprout processes rapidly and extensively on the plant lectin Con A or on a more natural substrate, a laminin-like molecule extracted from the extracellular matrix (ECM) of the leech central nervous system (3, 4) , referred to here as "leech laminin extract." Once it starts to grow, each type of cell has a characteristic fingerprint that depends on its identity and on the substrate. One example is the Retzius cell (1), which has a neuromodulatory function in vivo, secretes serotonin, and forms chemical synapses on P mechanosensory cells in culture. On Con A as substrate, Retzius cells sprout neurites with broad flattened growth cones and stout processes that tend to fasciculate, whereas on leech laminin extract as substrate, outgrowing neurites have small growth cones, and their processes are long and extremely fine with multiple branches (3, 4) .
In earlier studies of Retzius cells grown on Con A, we showed that optically detected Ca2 + entry following evoked impulses was clearly evident in the cell body and in the initial segment left attached to the cell body when the cells were removed from the ganglion. However, in the processes, thick fascicles, and growth cones, no Ca2+ entry could be detected. In this regard Retzius cells differed from other leech neurons growing on Con A, such as P (pressure-sensitive) and N (nociceptive) mechanosensory cells and anterior pagoda (AP) cells (of unknown function). In these cells weak Ca2" entry into newly grown processes was detected (5) . To rule out the possibility that impulses might not spread into the processes of Retzius cells grown on Con A, we used the voltage-sensitive dye RH 155, or bis-[1-p-sulfophenyl-3-methyl-5 pyrazolone-(4)]-p-phenyl pentamethinoxonol, to measure changes in membrane potential and found that the soma and most distant growth cones were isopotential.
The principal aim of the present experiments was to compare the properties of neurons growing on leech laminin extract and on Con A. Do the finer processes of cells grown on leech laminin conduct impulses and electrotonic potentials? Do they contain a sufficient density of voltage-sensitive Ca2+ channels for signals to be detected by the Ca2+-sensitive dye arsenazo III following impulses? Some of the results have been published in abstract form (6) .
MATERIALS AND METHODS
The techniques used in this work have been fully described (3-5, 7, 8) . Identified neurons were removed from the leech (Hirudo medicinalis) central nervous system by ligation with fine nylon monofilament loops or occasionally by suction after mild enzyme treatment (collagenase/dispase, Boehringer Mannheim; 2 mg/ml of L-15 medium). Cells were washed in sterile L-15 medium and plated on the covers of 35-mm culture dishes coated with Con A or leech ECM extract (see below). Growth medium consisted of L-15 medium fortified with 2% fetal calf serum, 2 mM glutamine, 6 mg ofglucose per ml, and 0.1 mg of gentamycin sulfate per ml.
Preparation of ECM Extract. Chains of ganglia were dissected from adult leeches; neuronal cell bodies were removed, and the remaining capsules that enclosed the ganglia were extracted overnight in a solution containing 2% Triton X-100, 10 mM Tris HCl (pH 7.4), 2 mM phenylmethylsulfonyl fluoride, and 5 mM N-ethylmaleimide. After centrifugation, the pellet was washed three times with distilled water and resuspended in 10 mM EDTA/10 mM Tris HCl, pH 7.14/0.15 mM NaCl and extracted overnight (8) 
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culture dishes were coated with Con A at 2 mg/ml, dried, and washed.
Electrical Recording Techniques. Recordings were made with conventional microelectrodes and amplifiers. Hydraulic micromanipulators were fixed to the stage of the compound microscope. Experiments were made in L-15 medium containing raised Ca2+ (10 mM) to enhance synaptic transmission, improve recording stability, and increase the size of Ca2' signals.
Optical Signals. Arsenazo III (Sigma 8891) was prepared as a stock solution of 75 mM dye in distilled water. Lucifer yellow (Sigma 0259) was prepared as a 100 mM stock solution. The two solutions were mixed in a ratio of about 3:1 (vol/vol). After a cell body was impaled, both dyes were ionophoresed into the cytoplasm with hyperpolarizing current pulses or constant current. In a typical experiment, the soma appeared pink because of the injected arsenazo III, but the dye could not be observed in the processes. Occasional overloading of cells did reveal pink, dye-loaded processes. In addition, the coinjected Lucifer yellow was always detected in the finest processes, showing that there were no barriers to full diffusion of the dyes. Intracellular Ca2+ changes were detected by monitoring the changes in light absorbance at 660 ± 15 nm by the dye-filled cell. A (5) . Fig. 1 shows an AP cell that extended a long slender process with two branches on leech laminin extract.
Optical recordings were made from the soma, initial segment, and the processes. In addition to action potentials (not shown), electrotonic potentials initiated by the microelectrode in the cell body were recorded from all locations. In this experiment a hyperpolarizing pulse was followed by a depolarizing pulse. The shown for simplicity of illustration.) Optical recordings from the soma and the processes were almost superimposed after they were scaled for amplitude. In this experiment the current pulses were deliberately made short so that the plateaux were not reached for hyperpolarization or depolarization. Had any alteration in the potential waveform occurred as a consequence of the cable properties of the cell, the relative amplitude and distortion in the time course would have been exaggerated, especially for such large depolarizing pulses, which increase membrane conductance. We assume that because of the high impedance of the membrane, pulses in the hyperpolarizing direction spread to the ends without significant decrement. Since the ratio of the depolarizing pulses to hyperpolarizing pulses was about the same at the soma and tip, then depolarizing pulses also spread without decrement-i.e., the cell was essentially isopotential.
In Retzius cells, such as the one shown in Figs. 2 Con A or extract (4). On Con A the outgrowth consists of large flat growth cones and thick fascicles. On leech laminin extract, only slender processes were apparent (Fig. 2) ; those by a photodetector. Comparisons were made of the areas occupied by processes grown on Con A and on leech laminin extract. Although precise measurements were hard to make on the finest profiles filled with Lucifer yellow, it was clear that the processes on leech laminin presented an area at most 10%o of those on Con A. (We did not correct this estimate for possible differences in membrane invagination.)
Yet as shown in Fig. 3 , Ca2" transients could be recorded unambiguously from the distant processes of a Retzius cell grown on leech laminin extract. The records from four representative photodetectors over the processes of the cell all exhibited time-locked increases in Ca2'. Similar signals were seen by other photodetectors in the array that recorded from processes distant from the cell body. As with neurons grown on Con A, the largest signals appeared over the initial segment, which was removed from the ganglion together with the cell.
In our earlier experiments with Con A as substrate, Ca2+ signals were never detectable over the broad processes or newly grown fascicles of Retzius cells (5) . We repeated these experiments and confirmed that in seven healthy Retzius cells grown on Con A with large Ca2+ signals recorded from the somata and initial segments, no Ca2+ signals could be detected in the processes. By contrast, three Retzius cells grown on leech laminin extract gave clear signals in the processes, in spite of the diminished membrane areas presented to the photodetectors. These cells had Ca2" signals in the somata and initial segments of magnitude similar to those grown on Con A. The number of trials used for averaging was lower than for the records made from cells on Con A. Similar experiments were also made on AP and P cells. In culture they too branch differently on Con A and on leech laminin extract upon which they have finer processes (3 
